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Abstract 

Objective: The aim of this study was to investigate variations in the endotheUal cell protein C receptor gene (EPCR 
gene) that may play a role in thrombosis and the effects of these variations on the plasma soluble endothelial cell protein 
C receptor (sEPCR) level in Turkish patients with venous thrombosis. 

Material and Methods: This study included ill thrombosis patients and 73 healthy controls. FoUovdng DNA 
extraction, PCR, SSCP, and DNA sequencing analysis of 4 exons of the EPCR gene was performed. Plasma sEPCR was 
measured via enzyme-linked immunosorbent assay (ELISA). 

Results: In all, 3 polymorphisms were detected in exons 1-4. C3998T (SNP no: rs2069952) polymorphism was detected 
in intron 2 and C4678G (Al haplotype) (SNP no: rs9574) in the 3' untranslated region (3'UTR). There weren't any 
significant differences in C3998T polymorphism between the control and patient groups. There wasn't a significant 
difference in plasma sEPCR levels between both controls and patients that carried the Al allele. A4600G substitution (A3 
haplotype) (SNP no: rs867186) was observed in exon 4 and was associated with a 2.04-fold higher risk of thrombosis. 
A3 allele carriers had higher sEPCR levels than those without the allele. Mean sEPCR level in the patients with the 
homozygous A3 allele was 289 ng pL"\ versus 113.42 ng jiL-l in those with the homozygous Al allele. 

Conclusion: The Al haplotype might offer protection against thrombosis and the A3 haplotype might be associated 
both with elevated plasma sEPCR and elevated risk of venous thrombosis in the Turkish population. Plasma sEPCR 
levels were significantly higher in those that carried the A3 allele (4600A>G) (both patients and controls). Among the 
participants that carried the Al allele (4678C>G), plasma sEPCR did not differ significantly. 
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Ozet 

Ama?: Bu ^ali^mada, trombozda onemli bir role sahip olan EPCR genindeki varyasyonlarm tespit edilmesi ve bu 
varyasyonlarm Turk populasyonunda plazma sEPCR seviyeleri iizerindeki olasi etkisinin incelemesi ama?lanmi§tir. 

Gere^ ve Yontemler: ^ah^mamiz ill trombozlu olgu ve 73 saglikli kontrol i^ermektedir. EPCR geninin dort ekzonu 
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intronlardan ba§lanan primerler kuUanilarak PCR, SSCP ve DNA Dizi Analizi ile taranmi§tir. Plazma sEPCR diizeyleri 
ELISA yontemi kuUanilarak ol^ulmu^tur. 

Bulgular: Bu ^ali^mada, EPCR haplotipleri ile sEPCR seviyesi arasindaki ili§ki incelenmi^ ve EPCR geninin taranan 
dort ekzonunda ii? farkli polimorfizm saptanmi^tir. Bunlardan C3998T (rs2069952) genin 2. intronunda, Al haplotipini 
olu§turan C4678G (rs9574) ise EPCR geninin 3' UTR bolgesinde tespit edilmi§tir. EPCR geninde tespit edilen diger bir 
polimorfizm ise A3 haplotipini olu^turan ve ekzon 4'de yer alan A4600G (rs867186) degi§imidir. A3 allelini homozigot 
olarak ta^iyan hastalarda ortalama sEPCR seviyesi 289 ng/pl iken, Al allelini homozigot olarak ta§iyanlarda 113,42 
ng/pl'dir. 

Sonu^: istatistik analizler kontrol ve hastalar arasinda C3998T degi^iminin tromboz riski a^ismdan anlamli 
olmadigmi g6stermi§tir. Al haplotipinin ise trombozdan koruyucu bir etkiye sahip olabilecegi saptanmi§ ancak Al 
(4678C>G) allelini ta^iyan bireylerde sEPCR seviyesinde de anlamli bir degi§iklik saptanamami^tir. Buna kar§ilik A3 
haplotipinin tromboz i^in 2.04 kat risk getirdigi ve A3 (4600A>G) alleli ta§iyanlarin ta^imayanlara gore daha yuksek 
sEPCR seviyesine sahip oldugu saptanmi§tir. A3 haplotipi Turk populasyonunda hem trombotik riskle hem de artan 
sEPCR seviyesiyle ili§kilendirilebilir. 

Anahtar Sozciikler: Tromboz, Endotelyal protein C reseptoni (EPCR), Solubl EPCR (sEPCR), EPCR haplotipleri 



Introduction 

The protein C (PC) anticoagulant pathway is physi- 
ologically important to the regulation of coagulation. 
While the PC pathway plays a crucial role in controlling 
thrombosis, it also has anti-inflammatory functions [1-3]. 
The essential components of this pathway include throm- 
bin, thrombomodulin (TM), endothelial cell PC receptor 
(EPCR), PC, protein S, and protease-activated receptor 1 
(PAR-1). 

The PC pathway is a natural anticoagulation mecha- 
nism that prevents excessive thrombin generation. When 
Thrombin binds to TM, PC is activated about 1000 times 
faster than free thrombin [1]. The thrombin- TM complex 
activates PC. Activated PC (APC) requires protein S as a 
cofactor. APC limits amplification and progression of the 
coagulation cascade via proteolytic inactivation of factor 
Va (FVa) and factor FVIIIa [2]. PC activation increases 
approximately 20-fold in vivo when it is bound to EPCR 
[3]. 

EPCR binds to PC and also APC with high affinity 
and promotes PC activation on endothelium by increas- 



ing the catalytic efficiency of the thrombin-TM complex 
[4-6] . Although EPCR is an endothelial cell-specific type 
I transmembrane protein, a soluble form of this receptor 
circulates in plasma [7-9] . EPCR is similar to molecules of 
the class I major histocompatibility complex, in particular 
the CD 1 -subfamily [10]. In addition to the extracellular 
domains, EPCR has a transmembrane domain and a very 
short cytoplasmic tail. 

Primary defects of the PC pathway increase the risk 
of venous thrombosis [10]. A metalloprotease cleaves the 
entire extracellular domain of EPCR from the cell mem- 
brane [11]. This cleavage results in the formation of solu- 
ble EPCR (sEPCR). sEPCR can bind both to PC and APC 
with an affinity similar to that of intact membrane -bound 
EPCR. sEPCR inhibits PC activation by competing with 
the membrane form of EPCR on vessel walls [9] . sEPCR 
also inhibits inactivation of factor Va and APC anticoagu- 
lant activity by blocking the interaction of APC and nega- 
tively charged membrane surfaces [12]. 

Plasma sEPCR is elevated in patients with systemic 
inflammatory diseases [13] . sEPCR binding to APC blocks 
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Figure 1: SSCP 
shows band pattern 
variation in exon 3 
and the first region of 
exon 4. 
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phospholipid interaction and alters the active site of APC. 
Inherited defects of the PC pathway are associated with 
an increased tendency for venous thromboembolism 
(VTE) [14], whereas low plasma sEPCR (sEPCR<30 ng/ 
ml) appears to reduce the risk of thrombosis [15]. High 
plasma sEPCR (sEPCR>130 ng/ml) leads to dysfunction of 
EPCR-mediated coagulation [16]. 

The human EPCR gene is located on chromosome 
20qll.2 and is composed of 4 exons and 3 introns. Exon 
1 encodes the 5' untranslated region (UTR) and the sig- 
nal peptide, exons 2 and 3 encode most of the extracel- 
lular region of EPCR, and exon 4 encodes an additional 
10 residues of the extracellular region of EPCR, the trans- 
membrane domain, the cytoplasmic tail, and the 3' UTR 
[15,17[. In adults, EPCR is primarily located on the endo- 
thelial cells of large blood vessels, and exists in very low 
numbers or is absent from the microvascular endothelium 
of most tissues [18]. 

To date, more than 92 polymorphisms and 5 disease- 
related mutations have been observed on the human 




Figure 2: Restriction endonuclease analysis of 
C4678G polymorphism. 



EPCR gene [5,19,20]. Among these polymorphisms and 
disease-related mutations a 23-bp duplication located 
between intron 2 and exon 3 (g.4189_4213dup TATCCA- 
CAGTTCCTCTGACCATC according to NT_011362.10) 
was reported to be associated with the risk of arterial and 
venous thrombosis [21, 22]. A non-synonymous single 
nucleotide polymorphism (SNP) in exon 4, rs867186 
(p.ser219gly; A4600G) (referred to as haplotype 3), is 
associated with elevated plasma sEPCR and causes throm- 
bosis [23] . On the other hand, another polymorphism in 
the 3' UTR of the gene, rs9574 (C4678G) (referred to as 
haplotype Al), does not contribute to the risk of throm- 
bosis [19,23-25]. This allele was also reported to be asso- 
ciated with a reduced risk of venous thrombosis [26] . As 
such, the present study aimed to investigate the effect of 
EPCR gene polymorphisms on the plasma sEPCR level in 
patients with venous thrombosis and healthy controls. 

Material and Methods 

The study included 111 patients and 73 controls. 
The patient group included 64 females (57.6%) and 47 
males (42.4%), and the control group included 48 females 
(65.7%) and 25 males (n34.3%). Mean age in the control 
group was 28.5 years, versus 26.01 years in the patient 
group. None of the control group participants had a per- 
sonal and a family history of venous thrombosis. All par- 
ticipants presented to Ankara University, School of Medi- 
cine, Department of Pediatric Molecular Genetics. All the 
participants provided written informed consent and the 
study was approved by the Ankara University School of 
Medicine Ethics Committee. 

Plasma sEPCR was measured via enzyme-linked immu- 
nosorbent assay (ELISA) (Diagnostica Stago Asserachrom, 
Asnieres, France) [27] . DNA was isolated via proteinase K 
and phenol/chloroform extraction. All exons of the EPCR 
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Figure 3: Sequencing results for C3998T(A), C4678G(B), and A4600G(C). 
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gene were screened using polymerase chain reaction (PGR) 
and the following primers that were designed in our labo- 
ratory; 5'gccccctagtaggaaatga3' and 5'gagatgtgcccccgactc3' 
for exon 1 (293 bp), 5'caggcctccaaagacttcat3' and 5'cctact- 
cacaggccaaggtc3' for exon 2 (264 bp), 5'gcaccctctctgca- 
cagtc3' and 5'ccatccatttgtctggaacc3' for exon 3 (384 bp), 5' 
taaacgggtccctttcctct3' and 5'ctcccctccctcaaatcttc3' for the 
P' region of exon 4 (384 bp), 5'caccagaaggtttggagtgac3' 
and 5'acgcctcaggtgattctgtc3' for the 2"'' region of exon 4 
(247 bp), and 5'ccatcctccaaagacagacag' and 5'ccagaaattttg- 
caaagtgga3' for the 3''' region of exon 4 (278 bp). 

Single strand conformation polymorphism (SSCP) was 
performed to determine if there was band pattern variation 
among the participants. SSCP was performed in 143 of the 
participants to detect the polymorphisms. Sequencing of 
the EPCR gene was performed when SSCP yielded a differ- 
ent band pattern (Beckman Coulter CEQ 8000, Beckman 
Coulter, USA). Direct sequencing of exon 4 was performed 
to detect A4600G mutation, whereas sequencing and RE 
analysis were used to detect C4678G mutation. All the 
participants were genotyped using 4678G to C substitu- 
tion, which creates a Ddel restriction site (5'C/TNAG 3'). 
The samples were incubated using Ddel restriction enzyme 
(Fermentas UAB, Vilnius, Lithuania) at 37 °C for 16 h, and 
then the digestion products were electrophoresed on 3% 
agarose gel (Sigma, USA). 



Statistical analysis was performed using TADPOLE 
v.2.01 for Windows. The level of statistical significance 
was set at P <0.05. The odds ratio (OR) and 95% confi- 
dence interval (CI) were calculated based on the logistic 
model. Allele frequencies were calculated via gene count- 
ing. In all these analyses the group with homozygous nor- 
mal (4678 CC) served as the reference category to which 
risk was expressed. 

Results 

SSCP band pattern variation was noted in exons 3 and 
the first region of exon 4 (Figure 1). Three SNPs in exons 
3 and 4 that have been previously described; (C3998T) 
rs2069952 [31-33], located in intron 2; (C4678G;A1 hap- 
lotype) rs9574 [31-33], located in 3'UTR and (A4600G; 
p.ser219gly A3 haplotype) rs867186 [31-33] located in 
exon 4; were observed in our control and patient groups. 
Restriction endonuclease analysis of C4678G polymor- 
phism is shown in Figure 2, and sequencing results for 
C3998T, C4678G, and A4600G are shown in Figure 3. 
SSCP, on the other hand, showed that there wasn't any 
band pattern variation in exon 2, or the 2"^ and 3"' regions 
of exon 4. In the present study plasma sEPCR levels of 
38-132 ng ]iL'^ were considered normal. sEPCR levels 
were significantly higher in participants (patients and 
controls) carrying the A3 allele. Among the participants 
that carried the Al allele, plasma sEPCR did not differ sig- 



Table 1: Mean Plasma sEPCR Level in the Participants with the A3 Allele (SNP no: rs867186) and Al Allele (SNP no: rs9574) [31 ,32,33] 



Controls 


Patients 


OR 


95% CI 


P 


A3 

Haplotype 


4600AA 


60.17 ±28.9 ng 
ViL-^ 
(n = 55) 


76.62 ± 54.6 ng 
ViL-i 
(n = 75) 


1 








4600AG 


160.17 ±60.3 ng 
VtL-i 
(n = 23) 


191.3 ± 76.5 ng 
ViL-i 
(n = 33) 


0.93 


0.63-1.39 






4600GG 


180ng viL-i 
(n=l) 


289 ± 69.2 ng 
liL-i = 3) 


1.26 


0.85-1.85 


0.099 


Al 

Haplotype 


4678CC 


51.72 ± 35.1 ng 
ItL-i 
(n = 15) 


73.53 ±41.1 ng 
ItL-i 
(n = 13) 


1 








4678CG 


95.9487 ± 69.6 
ng laL-i 
(n = 39) 


217.29 ± 88.9 ng 
ViL-i 
(n = 79) 


1.59 


1.03-2.44 






4678GG 


90.71 ± 57.1 ng 
ViL-i 
(n = 25) 


113.42 ± 19.8 ng 
ViL-i 
(n = 19) 


0.87 


0.56-1.37 


0.041 
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Table 2: Distribution of C3998T Polymorphism at Intron 2 of the EPCR gene 



C3998T 


Controls (%) 


Patients (%) 


OR 


95% CI 


P 


CC 


10 (21.3%) 


32 (31.7%) 


1 






CT 


19 (40.4%) 


37 (36.6%) 


0.6 


0.24-1.49 




TT 


18 (38.3%) 


32 (31.7%) 


0.5 


0.22-1.38 


0.58 


C 


39 (41.5%) 


165 (62%) 


1 




m 


T 


55 (58.5%) 


101 (38%) 


0.43 


0.26- 0.70 


0.0009 



Table 3: Distribution of C4678G Polymorphism (Al Haplotype) at 3'UTR of the EPCR gene 



C4678G 


Control 


Patients 


OR 


95% CI 




CC 


13 (17.8%) 


13 (11.7%) 


1 






CG 


37 (50.6%) 


79 (71.2%) 


2.13 


0.90-5.05 




GG 


23 (31.6%) 


19 (17.1%) 


0.82 


0.31-2.20 


0.018 


C 


63 (43.1%) 


105 (47.2%) 


1 






G 


83 (56.9%) 


117 (52.8%) 


0.84 


0.55-1.28 


0.55 



Table 4: Distribution of A4600G Polymorphism (A3 Haplotype) at Exon 4 of the EPCR gene 



A4600G 


Control 


Patients 


OR 


95% CI 


P 


AA 


51(69.8%) 


75 (67.6%) 


1 






AG 


21(28.8%) 


33 (29.7%) 


1.06 


0.55-2,05 




GG 


1 (1.4%) 


3 (2.7%) 


2.04 


0.20-20.15 


0.81 


A 


123(84%) 


183 (82.4%) 


1 






G 


23 (16%) 


39 (17.6%) 


1.13 


0.64-2 


0.65 



nificantly (Table 1). There wasn't a significant difference 
between controls and patients in the genotype frequency 
of C3998T substitution (P = 0.58, OR = 0.5, CI = 0.22- 
1.38), indicating that the T allele was not associated with 
the risk of venous thrombosis (P = 0.0009, OR = 0.43, CI = 
0.26-0.70). C4678G substitution was not a risk for venous 
thrombosis (P = 0.018, OR = 0.82, CI = 0.31-2.20); it 
might actually have offered protection against thrombosis. 
The 4600G allele was associated with a 2.04-fold increase 
in the risk of venous thrombosis for patient group, as com- 
pared to the control group, although the difference wasn't 
statistically significant (P = 0.81, OR = 2.04, CI = 0.20- 
20.15) (Tables 2-4). The A3 haplotype was associated with 
both elevated plasma sEPCR and increased risk of venous 
thrombosis. 



Discussion 

Numerous variations in the EPCR gene have been 
reported. Any defect in the EPCR gene that leads to a 
reduction in receptor expression or impaired receptor 
function may stimulate the development of thrombosis. 
A 23-bp duplication of nucleotides between 4189 and 
4213 at the genomic level, according to NT_011362.10 
(a number of previous publications has referred this as 
position 4031) [28], results in an early stop codon and 
synthesis of a truncated protein that is not expressed on 
endothelial surfaces [21]. This duplication is associated 
with an increase in the risk of arterial and venous throm- 
bosis [21,22]. 

A polymorphism in exon 4 (A3 haplotype) encodes ser- 
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ine instead of glycine at codon position 219 (NM006404 . 3) ; 
this occurs in the transmembrane region of EPCR [24]. 
This haplotype is reported to be responsible for 86.5% of 
the variation in plasma sEPCR levels [15]. Several studies 
have examined the correlation between p.S219G polymor- 
phism and the risk of thrombosis. Saposnik et al. reported 
that the incidence of p.S219G polymorphism in patients 
with venous thrombosis is higher than that in healthy 
controls [23]. Ireland et al. observed that p.S219G homo- 
zygosity was associated with a 3-fold increase in the risk 
of coronary heart disease [29]; however, 2 other studies 
did not observe a similar correlation between p.S219G 
polymorphism and increased risk of venous thrombo- 
sis [15,25]. In the present study another polymorphism 
was identified — rs9574 (haplotype Al, C4678G) — that 
has been reported to be associated with high levels of cir- 
culating AFC and a reduction in the risk of deep venous 
thrombosis (DVT) [15,26]. Saposnik et al. reported that 
the C4678G polymorphism had no effect on the plasma 
sEPCR level [23]. Furthermore, Saposnik et al. studied 
EPCR mRNA forms in eukaryote cells and compared their 
expression patterns based on cell genotype. They reported 
that there was a statistically significant higher quantity of 
mRNA that encoded a protein lacking the transmembrane 
domain in cells carrying A3 than in non-A3 carrying cells. 
They also reported that this EPCR protein was indeed syn- 
thesized and secreted, and that sEPCR was generated via 
ADAM17 cleavage [24]. 

Navarro et al. reported that mean age at initial onset 
of thrombosis was higher in non-carriers of the rs867186 
(A4600G) allele (44 ± 14 years) than in carriers (35 ± 8 
years), and that the probability of not having thrombosis 
at age 40 years was lower in prothrombin 2021 OA carri- 
ers with the EPCR A4600G allele. They also reported that 
the presence of the A4600G allele, plasma sEPCR >147 ng 
mL"^ and prothrombin >129% all were associated with 
an increase in the risk of thrombosis. The risk of venous 
thromboembolism is influenced by the prothrombin level 
and the EPCR A3 haplotype, due to their effect on sEPCR 
levels [30] . Smoking, body mass index, ABO blood groups, 
levels of FII, FV, FVII, FIX, FX, FXI, FXII, and FXIII A and 
B subunits, fibrinogen, protein S, and antithrombin do not 
have any effect on the plasma sEPCR level [15] . 

The results of the present study confirm that there is 
a strong correlation between the A3 haplotype and ele- 
vated plasma sEPCR, as previously reported [15,23,29]. 
This allele also increased the risk of venous thrombosis 
2-fold; however, there was a statistically significant dif- 
ference between the patient and control groups, which 



might have been due to the small number of participants. 
The role of 3'UTR in RNA stability is known; as such, 
EPCR 3'UTR C4678G polymorphism (rs9574) might 
have an important thrombotic effect , but this hypoth- 
esis must be proven by large-scale studies. Moreover, 
C3998T polymorphism did not have a strong correlation 
with venous thrombosis in the present study. The pres- 
ent study's findings are in agreement with those previous 
published concerning sEPCR and EPCR gene haplotypes; 
however, additional research is needed in order to clarify 
the effects of EPCR gene mutations on venous thrombosis 
and inflammation. 
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